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P i t t sbu rgh  Coal Research Cen te r ,  Bureau of Mines, 

4800 Forbes Avenue, P i t t s b u r g h ,  Pennsylvania 15213 
U .  S .  Department o f  t he  I n t e r i o r  

INTRODUCTION 
The n a t u r e  o f  t he  thermal decomposition of c o a l  d i f f e r s  g r e a t l y  depending on the  
r e a c t i o n  temperature and the r a t e  of h e a t i n g .  Recent i n v e s t i g a t i o n s  us ing  
va r ious  energy sources ,  e . g . ,  plasma j e t s , l - 3  l a s e r  beam,4,5 f l a s h  h e a t i n g , 6  
arc-image r e a c t o r s , 7  e t c . ,  have shown t h a t  extremely r ap id  p y r o l y s i s  o f  c o a l  
produces high y i e l d s  of a c e t y l e n e .  
bituminous c o a l ,  when r eac t ed  i n  a microwave d i scha rge  i n  a rgon ,8  i s  r e a d i l y  
g a s i f i e d  t o  produce a s i g n i f i c a n t  y i e l d  of ace ty l ene .  

The p r e s e n t  s tudy  d e a l s  wi th  the pyro lyses  of c o a l s  of va r ious  ranks  under the  
in f luence  of a microwave d i scha rge .  The r ead iness  of coa l  t o  g ive  up a small 
p a r t  of i t s  v o l a t i l e s  under the microwave i r r a d i a t i o n  permi ts  t he  d i scha rge  t o  
be s u s t a i n e d  even when s t a r t i n g  i n i t i a l l y  under a h igh  vacuum. The r e l a t i o n -  
s h i p  between the  p re s su re  i n c r e a s e  du r ing  the d i scha rge  p y r o l y s i s  of c o a l  and 
time shows t h a t  t he  p r i n c i p a l  r e a c t i o n  is a r ap id  g a s i f i c a t i o n ,  which i s  
induced by t he  a c t i v e  bombardment of the c o a l  by e n e r g e t i c  s p e c i e s  p re sen t  i n  
the d i scha rge .  S tud ie s  of t he  gas  composition a t  va r ious  s t a g e s  of t h e  d i scha rge  
p y r o l y s i s ;  of t he  e f f e c t  of i n i t i a l  presence of Ar ;  and of t he  e f f e c t  of coo l ing  
the gaseous products  ( a s  they a r e  being formed);  have a l l  g iven  f u r t h e r  i n s i g h t  
i n t o  the n a t u r e  of the decomposition of c o a l  which takes  p l ace  i n  the microwave 
d i scha rge .  

' 
It has  a l s o  been shown t h a t  h i g h - v o l a t i l e  

EXPERIMENTAL 
Experiments were c a r r i e d  ou t  i n  a Vycor tube r e a c t o r  a t t a c h e d  t o  a vacuum system 
provided with a Pace Engineer ing  p res su re  t r ansduce r .  The t r ansduce r  was 
connected to  a F i s h e r  r e c o r d e r ,  so t h a t  t h e  p re s su re  i n c r e a s e  due to  the 
d e v o l a t i l i z a t i o n  o f  c o a l  i n  a known volume could be recorded  du r ing  i ts  d i scha rge  
p y r o l y s i s .  
MH,) coupled t o  an a i r - coo led  Opthos c o a x i a l  c a v i t y .  The d i scha rge  w a s  i n i t i a t e d  
by a Tes l a  c o i l  e i t h e r  i n  a vacuum ( 4 

argon (5-10 mm Hg), and the power l e v e l  was maintained a t  50 w a t t s .  The c o a l  
was loca ted  i n  the d i scha rge  zone. 

~ l l  pressure- t ime d a t a  were obta ined  from experiments u s ing  10 mg of v i t r a i n  
o f  c o a l  i n  a 163 m l  r e a c t o r .  Chemical ana lyses  and o r i g i n s  of t h e  v i t r a i n s  of 
d i f f e r e n t  c o a l s  used a r e  g iven  i n  Table 1. A l l  t h e  v i t r a i n s  were -200 mesh, 
and were degassed i n  a h igh  vacuum a t  looo C p r i o r  t o  the experiment.  
gaseous products  were analyzed by mass spec t romet ry .  

Tars  and cha r s  were pressed  i n t o  K B r  p e l l e t s  f o r  i n f r a r e d  a n a l y s i s .  Tars were 
a l s o  d i s so lved  i n  benzene or  e thano l  f o r  u l t r a v i o l e t  a n a l y s i s .  

The d i scha rge  was produced by a Raytheon microwave gene ra to r  ( 2 4 5 0  

mm Hg) o r  i n  t h e  i n i t i a l  p resence  of 

The 

. 

~~ ~~ -~ 
* V i t r a i n s  of c o a l s  were used throughout t h i s  paper .  
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Table 1. Analyses  of v i t r a i n s  (mois ture  f r e e  b a s i s ,  p e r c e n t )  

0 Volati le 
C H N S (by d i f f . )  Ash matter 

An t h r a c  i eel' 91.06 2.49 0.96 0.83 2.98 1.77 6 .1  

89.57 4.67 1.25 .81 2.17 1.53 20.2 Low v o l a t i l e  
b i tuminous l l  

2.06 39.2 High-vo la t i  l e  

L i g n i t e 4 1  66.45 5.40 .31 1 .40  22.84 3.60 44.0 

5.56 1.71 .97 7.93 bituminous31 81*77 

' - 11 - 21  Pocahontas N o .  3 Bed, Buckeye N o .  3 Mine, Page Coal and Coke Co.,  

- 31 Bruce ton ,  Pennsylvania  Bed, Allegheny County, Pennsylvania .  
- 41 

Dorrance Mine, Lehigh Val ley  Coal Co., Luzerne County, Pennsylvania .  

Stephenson, Wyoming County,  West V i r g i n i a .  

Beulah-Zap Bed, North U n i t ,  Beulah Mine, Kni fe  R ive r  Coal  Mining Co.,  
Beulah, Mercer County ,  North Dakota. 

RESULTS AND DISCUSSION 
Gas Evo lu t ion  During t h e  Discharge P y r o l y s i s  

Coa l ,  on being  sub jec t ed  t o  microwave r a d i a t i o n  and e x c i t a t i o n  by a Tes l a  c o i l ,  
r e a d i l y  g i v e s  up enough of i t s  v o l a t i l e s  t o  s u s t a i n  the  d i s c h a r g e  i n i t i a l l y .  
F igu re  1 shows the  p re s su re - t ime  r e l a t i o n s h i p s  du r ing  t h e  d i scha rge  py ro lyses  
f o r  a l i g n i t e ,  a h i g h - v o l a t i l e  bituminous c o a l ,  a low-vo la t i l e  bituminous c o a l ,  
and an a n t h r a c i t e .  The z e r o  t i m e  is  the  t i m e  t he  plasma appeared ,  and t h e r e  i s  
u s u a l l y  some s o r t  of " induc t ion  per iod"  be fo re  a n  e x t e n s i v e  bui ld-up  of t he  
p r e s s u r e  t a k e s  p l ace ,  excep t  f o r  t he  l i g n i t e  where the  p r e s s u r e  r ise  i s  spon- 
t aneous .  For  each v i t r a i n ,  the  p re s su re  reaches  a p l a t eau  a f t e r  some t i m e .  
S u b s t a n t i a l  amounts o f  t a r s  were produced from t h e  hvab and t h e  lvb c o a l s ,  and 
i t  was n o t i c e d  t h a t  t h e  tars depos i t ed  on t h e  r e a c t o r  w a l l  immediately a f t e r  
t h e  d i scha rge  was i n i t i a t e d .  

The r e s u l t s  and t h e  p re s su re - t ime  r e l a t i o n s h i p s  show t h a t  t h e  d i scha rge  py ro lys i s  
of  c o a l  ( excep t  f o r  l i g n i t e )  may be d iv ided  i n t o  t h r e e  s t a g e s :  , 

(1)  P a r t i a l  c a r b o n i z a t i o n  t o  produce t a r .  This proceeds  a t  a r e l a t i v e l y  
low r a t e  wi thout  s i g n i f i c a n t  gas  e v o l u t i o n  -- an " induc t ion  per iod"  f o r  gas  
e v o l u t i o n .  

( 2 )  The p r i n c i p a l  r e a c t i o n  - -  p y r o l y s i s  wi th  accompanying g a s i f i c a t i o n .  

( 3 )  Degassing o f  r e s i d u a l  char .  This r a t e  is very  slow. 
This  proceeds  a t  a r e l a t i v e l y  h igh  r a t e .  

The h igh  e v o l u t i o n  o f  g a s e s  i n  the  second s t a g e  t akes  p l a c e  on ly  a f t e r  t he  
p r e s s u r e  i n  the  system has  g r a d u a l l y  b u i l t  up t o  a po in t  (0.5 t o  1 mm), where 
t h e r e  a r e  s u f f i c i e n t  c o n c e n t r a t i o n s  of e l e c t r o n s ,  atoms, and i o n s  p re sen t  i n  the  
d i scha rge  so t h a t  t hese  energeLic  s p e c i e s  can  a c t i v e l y  bombard t h e  c o a l  t o  
a c c e l e r a t e  t h e  decomposi t ion o f  thc c o a l .  Fo r  t h e  l i g n i t e  t he  r ap id  g a s  
evoluLion t akes  p l ace  spon taneous ly ,  presumably owing t o  i t s  r e a d i n e s s  t o  r e l e a s e  
s u f f i c i e n t  amounts of  v o l a t i l e  m a t t e r  which i s  conver ted  t o  t h e  e n e r g e t i c  spec ie s .  
As shown i n  F igu re  1,' t h e  r a t e  of g a s  evo lu t ion  a t  t h i s  s t a g e  i n c r e a s e s  wi th  
v o l a t i l e  matter c o n t e n t  of t h e  coa l .  

I' 

I 

I 
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In t he  t h i r d  s t a g e ,  t he  gas  e v o l u t i o n  reaches  a l imi t . .  Table 2 shows t h e  t y p i c a l  
product ana lyses  ob ta ined  a t  t he  end o f  t h e  r e a c t i o n  t i m e  i n d i c a t e d  i n  F igure  1. 
The e x t e n t  of d e v o l a t i l i z a t i o n  o r  g a s i f i c a t i o n  i n c r e a s e s  wi th  v o l a t i l e  ma t t e r  
con ten t  of t he  c o a l .  In g e n e r a l ,  t he  amounts of gases  evolved are comparable to 
those  evolved from thermal decompositions of t he  c o a l s  a t  about  1000° C ,  bu t  t he  
products  a r e  r i c h e r  i n  H2 and C2H2. 

Table 2 .  Discharge py ro lys i s  of c o a l  

L i g n i t e  hvab lvb An th rac i t e  

44.0 39.2 20.2 6 .1  V o l a t i l e  m a t t e r ,  

Reaction t ime, 

Product ,  10-l' mmoles/g. coa l  

percent  

min 
I 10 20 20 20 

H 3  86.5 103 120 

C3Ha 7.8 15.0 7.9 
CZHS 0.7 0.9 0.2 

c 02 8.7  0.8 0.1 
H2 0 5.5 2.0 3.5 

cH4 2.7 3.5 1.4 

co 83.5  35.7 11.3 

To ta l  gases ,  w t  pc t  32.6 17.5 8 .6  
C g a s i f i e d ,  pe rcen t  20.6 11.1 4.2 

3.9 5.7 2.7 C converted t o  gaseous 
hydrocarbons,  pe rcen t  

E f f e c t  of I n i t i a l  Presence of Argon 

60.2 
5.0 
1.8 

t r a c e  
3.9 

trace 
1.9 
3.3 
1 . 2  

0.6 

The pressure- t ime r e l a t i o n s h i p  du r ing  the  d i scha rge  p y r o l y s i s  in  t h e  presence of 
added argon (F igure  2 )  shows t h a t  t h e  r a p i d  gas  e v o l u t i o n  t akes  p l ace  as soon a s  
the  d i scha rge  is  i n i t i a t e d  and proceeds a t  a h ighe r  r a t e .  Here,  t h e  gas  evo lu t ion  
a l s o  quick ly  reaches  a l i m i t ,  but t h e  i n i t i a l  " induct ion  period" f o r  t he  g a s  
evo lu t ion  does no t  e x i s t .  Ev iden t ly ,  the added argon immediately forms s u f f i c i e n t  
concen t r a t ions  of e n e r g e t i c  s p e c i e s  upon i n i t i a t i o n  of t h e  d i s c h a r g e ,  t hus  a l lowing  
s t a g e s  1 and 2 t o  proceed concur ren t ly .  The gas  evo lu t ion  reaches  a l i m i t  sooner ,  
bu t  the e x t e n t  of d e v o l a t i l i z a t i o n  of t he  coa l  and the  gaseous product type d d n o t  
d i f f e r  s i g n i f i c a n t l y .  The r e s u l t s  a r e  shown i n  Table 3. 

Gas Composition a t  Various S tages  of Discharge P y r o l y s i s  

I n  o r d e r  t o  i n v e s t i g a t e  the  composition of t he  gases  evolved a t  va r ious  s t a g e s  
of the  d e v o l a t i l i z a t i o n ,  the p y r o l y s i s  was i n t e r r u p t e d  a t  s e v e r a l  s t a g e s  by 
d i scon t inu ing  t h e  d i scha rge .  A t  each s t a g e ,  t he  evolved gases  were measured and 
c o l l e c t e d  f o r  mass spec t romet r i c  a n a l y s i s .  The d i scha rge  -- and the  p y r o l y s i s  -- 
were then continued f o r  the remaining c o a l  u n t i l  no more n o t i c e a b l e  d e v o l a t i l i -  
z a t i o n  could be observed. 

F i g u r e s  3 and 4 show the  r e s u l t s  ob ta ined  f o r  t h e  l i g n i t e  and t h e  hvab c o a l ,  
r e s p e c t i v e l y .  The gas  composition a t  va r ious  s t a g e s  of t he  thermal py ro lys i s  
( t h e  gases  were c o l l e c t e d  a t  200' C i n t e r v a l )  of t he  hvab c o a l  i s  a l s o  shown 
i n  F igure  5 f o r  comparison. 
c o n s t i t u e n t s  of t he  hydrocarbons produced from t h e  d i scha rge  p y r o l y s i s ,  and t h e i r  
concen t r a t ions  a r e  n e a r l y  cons t an t  a t  each s t a g e ,  except  t h a t  t hey  dec rease  a t  
the l a t e r  s t a g e s ,  poss ib ly  because of less evo lu t ion  of hydrogenated carbon- 
s p e c i e s  from the  c o a l .  

Acetylene i n  a d d i t i o n  t o  methane a r e  the  major 
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I! Table 3. Discharge p y r o l y s i s  o f  c o a l  i n  the  presence  of  A r  

L i g n i t e  hvab l v b  An th rac i t e  

V o l a t i l e  ma t t e r ,  

I n i t i a l  p re s su re  of A r ,  

React ion t ime, min 
Product ,  10-1 mmoles/g. c o a l  

pe rcen t  

I r n  

E, 
C b  
C?H2 
C?Ha 
co 
c 02 
H? 0 

T o t a l  Gases,  w t  p c t  
C g a s i f i c d , ' p e r c e n t  
C conver ted  t o  gaseous  

liydrucarbons, p e r c e n t  

44.0 

5 .1  

5 

86.8 
2 . 1  

10.4 
0.6 

79.5 
8 .6  
7 .5  

33.5 
19.4 

4 .5  

3 9 . 2  

5.1 
20 

9n.5 
2.5 

15.8 
0.7 

31.9 
0 . 7  
3.4 

16.5 
11.4 

6.6 

\ 
\ 

20.2 6 .1  

5.1 5 .1  
I 

20 20 

113 6/! . 5  
4.0 0.4 
S.6  2.0 
0.6 t r a c e  

10.8 4 .2  
0.2 t r a c e  
4.9 1.6 
9.4 3 .4  
4.9 1 . 2  

3.5 0 .7  

T a r  - -  S u b s t a n t i a l  amounts of  t a r s  were obta ined  from the  hvab and t h e  lvb  c o a l s  
i n  the  d i scha rge  p y r o l y s e s .  The tars were compared by I R  and UV ana lyses  wi th  
t h e  t a r  ob ta incd  from the  thermal p y r o l y s i s  ( a t  700' C )  o f  t h e  hvab c o a l .  A l l  
t n e  11: s p e c t r a  showed the  presence  of u s u a l  a l i p h a t i c  C-H bands (2860-2940, cm-') 
and a romat i c  hands (740-860 c a - l )  which are t y p i c a l  of  p i t c h  and c o a l .  The t a r s  
o b t a i n e d  from the  d i s c h a r s e  py ro lyses ,  however, exh ib i t ed  weaker a romat i c  bands 
and a stron:;cr ca rbony l  band (1710 cm-l) than  t h e  tar  ob ta ined  from thermal  
p y r o l y s i s .  The UV s p e c t r a  (of the  tars e x t r a c t e d  by benzene o r  e t h a n o l )  exh ib i t ed  
no d i s t i n c t  a b s o r p t i o n  band f o r  t h e  t a r  b t a ined  from the  thermal p y r o l y s i s ,  but 
e x h i b i t e d  bands a t  3140, 3309, and 3470 1 (which could be a t t r i b u t e d  t o  d e r i v a t i v e s  
of  pyrene)  f o r  t hose  o b t a i n e d  from the  d i scha rge  py ro lyses .  

A l l  t he  r e s i d u a l  c h a r s  exhibited no d i s t i n c t  band over  t h e  e n t i r e  IR spectrum. 

- 

E f f e c t  of Cooling by L iqu id  Nitrogen , 

A .  Hvab Coal  - -  When one end of  an h-shaped r e a c t o r  ( v o l .  = 41 m l )  was cooled 
wi th  i i q u i d  Nz whi le  t h e  o t h e r  l e g  con ta in ing  t h e  hvab c o a l  was sub jec t ed  to  the 
d i s c h a r g e  p y r o l y s i s ,  i t  was observed t h a t  t he  p r e s s u r e  reading  of t h e  r e a c t o r  
neve r  exceeded 0 .5  mm d u r i n g  ?he cour se  of t he  decomposition. The end products  
c o n s i s t e d  mainly of  hydrocarbons and water, wi thout  s i g n i f i c a n t  amounts of  H2 and 
CO.  Acecyiene was the  main hydrocarbon, bu t  s u b s t a n t i a l  a m u n t s  of o t h e r  C2, C?, 
CI,, Cg and C6 hydrocarbons were  a l s o  formed. Without l i q u i d  N2 c o o l i n g ,  t he  
o t h e r  C 2  and C j  hydrocarbons were i n s i g n i f i c a n t  and the  C 4 ,  C5 and c 6  hydrocarbons 
were n o t  measurable.  The product a n a l y s e s ,  except  t h a t  f o r  C4, C5 and c 6  hydro- 
ca rbons  whicii c o n s t i t u t e  less than 2 pe rcen t  of t he  g a s e s ,  a r e  shown i n  Table 4 .  
The e x t e n t  0 :  d e v o l a t i l i z a t i o n  and the  hydrocarbon y i e l d  a r e  s i g n i f i c a n t l y  
i n c r e a s e d .  
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With A r  i n i t i a l l y  p r e s e n t  and wi th  c o o l i n g ,  however, t,he p r e s s u r e  reading  increased  
r a t h e r  r a p i d l y  t o  a maximum wi th in  a few minu tes ,  and then dccreased g radua l ly .  
Presumably, l a rge  amounts o f  H2, CO (noncondensable a t  -196' C)  and hydrocarbons 
were r a p i d l y  formed due t o  the h i e h  r a t e  of  g a s i f i c a t i o n  o f  t h e  c o a l  in t h e  A r  
d i s c h a r g e .  The p r e s s u r e  dec rease  i n  the  l a t e r  s t a g e  i s  a t t r i b u t e d  t o  the  
con t inuous  r e a c t i o n  o f  H p  and CO t o  form condensable hydrocarbons.  A s  s een  i n  
Table 4 ,  however, a p p r e c i a b l e  H 2  and CO s t i l l  remained a f t e r  30 minutes of r eac t ion .  
The y i e l d  of ace ty l ene  is ve ry  h igh ,  bu t  t h a t  of  o t h e r  C 2  and C3 hydrocarbons i s  
low. 

These r e s u l t s  may be i n t e r p r e z e d  a s  fo l lows .  In t he  absence of added A r ,  smal l  1 

r e a c c i v e  spec ie s  (H,  0, C ,  CH, c t c . )  and perhaps some l a r g e r  Eragments ( r a d i c a l s )  

< 

\ 

I 

i 
i 

No measurable amounts o!' C q ,  C5 and CG hydrocarbons were found 1 
""L ai-e - - - . . > I . .  _1 .... -..-L,.. 
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, produc t s  such a s  a c e t y l e n e ,  h i zhe r  hydrocarbons,  and w a t e r ,  which a r e  f i n a l l y  \ 

condensed a t  the l i q u i d  N2 t empera ture .  In t he  presence  of A r ,  however, t h e  \ 

detachinent o f  t hese  fragmen2s proceeds a t  such a high r a t e  t h a t  a l l  t he  products  
formed cannot  be immediately condensed by the  l i q u i d  N 2 .  
molecules  f u r t h e r  decompose or r e a c t  w i t h  0 - spec ie s  t o  form l a r g e  amounts o f  H2 
and C O .  It i s  a l s o  q u i t e  p o s s i b l e  t h a t  d i f f e r e n t  types  of  s p e c i e s  (or s m a l l e r  

/ f r agmen t s )  a r c  r e l e a s e d  i n  the presence  o f  A r ,  r e s u l t i n g  i n  r ap id  format ion  of I 

noncondensablc H 2  and CO. 
then  con t inue  to r e a c t  to  form r e l a t i v e l y  lower hydrocarbons and water .  

As n r e s u l t ,  t he  l a r g e r  

IJi th prolonged r e a c t i o n  t ime,  t h e  H 2  and the  CO would 

I 

I n c r e a s e s  i n  the e x t e n t  of  d e v o l a t i l i z a t i o n  and i n  t h e  hydrocarbon y i e l d  under 
these  cond i t ions  are due p r i m a r i l y  t o  t h e  removal of hydrocarbons ( t h e r e f o r e  no 
f u r t h e r  decomposition o r  po lymer i za t ion ) ,  and of water9  ( t h e r e f o r e  no r e a c t i o n  of 
wa te r  w i th  hydrocarbons t o  form H p  and CO). 

B. L i g n i t e  - -  A s  s een  i n  F igu re  1, l i g n i t e  r e l e a s e s  g a s e s  spontaneous ly  a t  a 
h i g h e r  r a t c  than t h e  hvab c o a l .  Thus. when the  d i scha rge  p y r o l y s i s  of  t h e  l i g n i t e  
was s u b j e c t e d  t o  l i q u i d  N2 coolin:, i t  was observed t h a t  t h e  p r e s s u r e  reading  
inc reased  r a p i d l y  t o  a maximum w i t h i n  1 t o  2 minutes ,  and then decreased  g radua l ly  
t o  p r a c t i c a l l y  ze ro  a f t e r  s e v e r a l  minutes .  A t  t h i s  p o i n t ,  t he  m a j o r  p a r t  o f  t h e  
p y r o l y s i s  of the c o a l  seemed t o  be completed and t h e  d i scha rge  could  no t  be 
main ta ined .  

The reasons  f o r  t h i s  d i f f e r e n t  behavior  (from t h a t  of t he  hvab c o a l )  may be , 
( i )  t h e  spontaneous gas  e v o l u t i o n  a t  a h i g h e r  r a t e  and (ii) t h e  r e l e a s e  of more 
numerous sma l l e r  f ragments  from l i g n i t e ,  r e s u l t i n g  i n  r a p i d  format ion  o f  non- 
condensable  H2 and CO. 
ca rbons  and water i n  the  l a t e r  s t a g e .  The r e s u l t s  i n  Table 4 a l so  show t h a t  
t h e  hydrocarbon y i e l d  i s  ve ry  s i g n i f i c a n t l y  inc reased  under these  cond i t ions .  

S i m i l a r  behavior was observed wi th  added A r  except  t h a t  some p a r t  of the  H p  and 
CO remain un reac ted ,  owing perhaps t o  t h e  slowness wi th  which the  product  spec ie s  

A l l  the  H p  and the CO a r e  e v e n t u a l l y  conver ted  t o  hydro- 

#4iff,4cing ir,t_c t h p  cc1.1 C_TI_" F" the n r D r D n F P  n f  high  concentrat inn n f  Ar. r -  

I t  '21s a l s o  nc t i ced  t h a t  t h e  l i c ~ i t e  y ie lded  a s i g n i f i c a n t  amouRt of COz.  v h i l e  
t h e  hvab c o a i  y i e l d e d  very  smal l  amounts of  CO2 under a l l  c o n d i t i o n s .  This 
s u g g e s t s  t h a t  C 0 2  molecules  a r c  r e l eased  from t h e  l i g n i t e  s t r u c t u r e  r a t h e r  than 
formed f r o n  i n t e r a c t i o n s  o f  Cb and a c t i v e  0 - spec ie s  in t h e  d i s c h a r g e .  
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CONCLUSIONS 
The p r i n c i p a l  r e a c t i o n  i n  t h e  d i scha rge  p y r o l y s i s  of c o a l  i s  r u p t u r e  of t h e  
bonds i n  the  coa l  s t r u c t u r e  by bombardment of e n e r g e t i c  s p e c i e s  (whether r e l eased  
from the  c o a l  o r  formed from argon i n  the  d i scha rge )  on t h e  c o a l  s u r f a c e .  
s p e c i e s  such as H-spec ies ,  0 - spec ie s ,  gaseous C ,  and hydrogenated carbon fragments 
(CH, C2H o r  C H ) are produced from c o a l  i n  t h e  d i s c h a r g e ,  t hese  i n  tu rn  decompose 
o r  combine wi th  each  o t h e r  t o  form hydrogen, water, carbon o x i d e s ,  and hydro- 
carbons .  A f t e r  ex tens ive  decomposition of the c o a l  s t r u c t u r e ,  a l l  t h e  s p e c i e s  
p re sen t  i n  the  d i scha rge  reach a s teady  s t a t e ,  where the  format ion  of hydrocarbons 
i s  l imi t ed  by back r e a c t i o n s  wi th  water  t o  form Hg + CO and g a s i f i c a t i o n  of s o l i d  
i s  somewhat compensated by polymer iza t ion  of hydrocarbons.  

Thus, i f  the decomposition products  a r e  r a p i d l y  removed by a l i q u i d  n i t rogen  
t r a p  as they are formed, h igh  yieLd of hydrocarbons consis t inn,  mainly of ace ty l ene  
can  be obta ined .  The process  f o r  t he  d i scha rge  p y r o l y s i s  o f  h i g h - v o l a t i l e  
bituminous c o a l  under t h e s e  cond i t ions  i s  unique i n  t h a t  i t  conve r t s  more than 
21 percent  oE carbon i n  c o a l  to h ighe r  hydrocarbons (up t o  C6) wi thout  t h e  
accompanyinz formation of H2 and CO. 
c o n d i t i o n s ,  however, t h e  py ro lys i s  products  are lower hydrocarbons (below C4) 
and subsCan t i a l  a m u n t s  of H2 and GO, owing t o  t h e  inc reased  r a t e  of g a s i f i c a t i o n .  
Hence, the p;oduct type and d i s t r i b u t i o n  can be in f luenced  by t h e  rate of formation 
o r  removal of  t he  products .  

Numerous 

X Y  

' 

With argon i n i t i a l l y  p r e s e n t  under similar 
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